Supplementary
Besides, To quantify the XPS information, we measured the XPS peak area ratio of S 2p to Mo 3d states for the as-grown and self-healed MoS2. The value of S:Mo ratio was increased from ~1.67 to ~1.86 by the PSS-induced sulfur vacancies self-healing.
Supplementary Note 2
The electron concentration calculation In fact, a hopping transport model can be explained the behavior of the mobility decrease of self-healed MoS2. Electrons in the MoS2 can transport through the sulfur vacancies by hopping. With this model, the average distance between the sulfur vacancies would increase by PSS-induced SVSH. Therefore, it will make both the hopping probability and mobility decrease.
Supplementary Methods

Construction Process: the monolayer MoS2 homojunction
Monolayer MoS2 films were grown on SiO2/Si substrate by CVD 12 . Subsequently, MoS2 films were transferred onto the substrates with patterned Poly(3,4-ethylenedioxythiophene):poly(4-styrenesulfonate) (PEDOT:PSS) films by a standard PMMA-based transfer 4 . The specific procedures are as follows: Firstly, the 950k
PMMA film was spin-coated on the SiO2/Si substrate, and then exposed to form square hole by electron beam lithography (EBL). Secondly, PEDOT:PSS electrode was deposited onto the substrate with square holes by spin-coating, subsequently annealed on the hotplate at 120℃ for 15 min to remove water, finally the substrate was immersed into acetone for 12 h to dissolve the residual PMMA film. Thirdly, the as-grown monolayer MoS2 was transferred onto the substrate in order to form a lateral MoS2 homojunction. Finally, the device structure was fabricated by depositing Cr/Au electrode.
Instead of conventional photolithography 13 , a spin-coating method was designed to carry out the PEDOT:PSS patterning, which can eliminate the residual photoresist film barrier effect of PSS-induced SVSH (Fig.1b) . It can also diminish the interface contact resistance induced by the residual photoresist film. The unique core-shell structure PEDOT:PSS provides PSS acid on the surface for healing the sulfur vacancies of MoS2
( Supplementary Fig.1) 
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. Due to the high conductivity of PEDOT:PSS film, the patterned PEDOT:PSS film also severs as organic electrode. Raman spectrum demonstrates the existence of PEDOT:PSS and MoS2 film ( Supplementary Fig.2 ), and the difference of ~20 cm -1 between the out-of-plane (A1g) and in-plane (E2g 
